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Summary
The Lambda cold dark matter model is a standard paradigm of structure formation in the universe.
The model reproduced the statistical properties of the large-scale structure of the universe successfully,
however, it contains several crucial unsolved problems below the galaxy scale such as the \cusp-core
problem" (e.g., Burkert 1995; Navarro, Frenk & White 1996), the \missing satellite problem" (e.g.,
Moore et al. 1999), and the \too-big-to-fail problem"" (e.g., Boylan-Kolchin et al. 2011, 2012).
In this thesis, we focus on the \cusp-core problem" and investigate it in detail. This problem is a
discrepancy between theory and observation of the central mass-density distribution of dark matter
halos (DMHs). The result of cosmological N-body simulations always indicates that the DMHs have
a cuspy density distribution at the center. However, observations of nearby dwarf galaxies indicate
that these galaxies have an almost at core at the center. The problem has been studied ourishingly,
and the studies show that the stellar feedbacks play a crucial role in the cusp-to-core transformation
in the DMHs (e.g., Ogiya & Mori 2014; O~norbe et al. 2015). However, we have not yet achieved a
clear understanding of the physical mechanism of the cusp-to-core transformation in the DMHs.
In the rst part of this thesis, to clarify the dynamics of the cusp-to-core transformation in DMHs, we
study the dynamical response of the DMH with a central cusp using a linear analysis and collisionless N-
body simulations by the self-consistent eld (SCF) method assuming the periodic supernovae feedback.
The galactic outow induced by supernova feedbacks loses thermal energy via radiative cooling and
then falls back toward the center of the galaxy. Subsequently, the starburst and supernova feedbacks
occur at the center of the galaxy, and then the galactic outow emerges again. This cycle of the
expansion and contraction of the interstellar gas aects the gravity potential of the DMH.
We applied the virialized cold dark matter halo to uid approximation and calculated linearized
equation in the analytical model. The result showed that the resonance between the oscillations of
the gravitational potential induced by the stellar feedbacks and the orbital motion of the dark matter
particles gives rise to the cusp-to-core transformation in the DMH. Moreover, we predict the resultant
core scale depending on the oscillation frequency of the external baryon potential.
We introduce \MAGI" (Miki & Umemura 2018) to generate the initial conditions of the DMHs.
Then, we follow the dynamical evolution of the DMHs with the periodic change of the gravitational
potential induced by the galactic outows. First of all, we reproduced the results of the previous works
given by Ogiya & Mori (2014). Our numerical experiments clearly show that their model exhibits a
large number of high-speed particles which already beyond the escape velocity of the system. These
escapers were generated by the signicant change of the gravitational potential driven by the strong
stellar feedback. Moreover, the results of simulations show that the weak stellar feedbacks can also
drive a transformation from a cuspy density prole to a cored density prole due to the dynamical
resonance between the recursive change of the gravitational potential and the particle orbital motion.
In addition, we found that the core scale connects with the strength of feedbacks and the oscillation
period. Because of the heating of the system by the oscillatory gravitational potential, the eccentricity
of the dark matter particles around the center of the DMH becomes large. Then, the system expands,
and the core scale increases after the oscillation process ends. Finally, the DMH then reaches the
new quasi-equilibrium state. The resonance between the dark matter particles and the density wave
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induced by the periodic change of the gravitational potential plays a vital role in the cusp-to-core
transformation of the DMHs.
In the last part of this thesis, we extend the understandings of the physical mechanism of the cusp-
to-core transformation in the DMHs to explore the formation of the ultra-diuse galaxies(UDGs).
For the rst time, 47 UDGs were discovered in the Coma cluster of galaxies by van Dokkum et al.
(2015), and they dened the UDGs which have a greater half-light radius than 1.5 kpc and have a
fainter surface brightness than 24 g-band mag/arcsec2. Subsequently, Koda et al. (2015) conrmed
854 UDGs in the Coma cluster. The UDGs are a new category of the low-redshift galaxies, and most
are found in the high-density regions such as the galaxy clusters. Di Cintio et al. (2017) studied the
formation of UDGs, and they successfully reproduced the several observed properties of the UDGs.
They pointed out that the cusp-to-core transformation of the dark matter halos had proceeded for the
active star-formation epoch in the UDGs.
Using the SCF simulations, we examine the dynamical evolution of less massive galaxies under the
periodic change of the gravitational potential induces by the recursive galactic outows. In this study,
we assume that the system composed of a DMH with the Navarro-Frenk-White mass-density prole
and a stellar system with the Hernquist mass-density prole. Then, we added the periodic change of
the gravitational potential mimicked the recursive stellar feedbacks. We assume the total mass of each
component is not change. The result of the simulations clearly shows that both the DMH and the
stellar component eectively gain kinetic energy from the periodic change of the gravitational potential
through the energy transfer driven by the resonance between the density waves and particles. After
the periodic oscillations have stopped, the central cusp in the DMH disappears, and the stellar system
expands. Since the heating by the oscillatory potential, the half-mass radius of the stellar system
signicantly increases after the oscillation process ends. The results indicate that we can reproduce
the observed half-light radius of the UDGs if we assume the mass-to-light ratio is constant. The
mass ratio between the DMHs and the stellar component within the scale length is consistent with the
observations. Moreover, we found that the feedback period and the strength strongly relate to the nal
size of the half-mass radius of the stellar components. Stronger stellar feedbacks preferentially induce
the more diuse stellar systems. This result indicates some insights into the bifurcation scenario on
the formation of the dwarf elliptical galaxies and UDGs. The results will be submitted in an academic
journal.
2
